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SPECIFICATION 
SUPPORT MEMBER FOR SEMIPERMEABLE MEMBRANE 

Technical field of the Invention 

The present invention relates to a support member for 
a semipermeable membrane, a process for preparing said 
support member, and a semipermeable membrane having said 
support member. 

Prior Art 

The semipermeable membrane has widely been used in 
many fields such as a change of seawater to freshwater, a 
treatment of waste water, a concentration of foods, a 
separation of microorganisms (e.g., bacterium, yeasts, 
viruses and the like) and a filtration of blood for a 
medical treatment, as well as a preparation of ultrapure 
water for washing a semiconductor. 

In general, the semipermeable membrane is formed from 
a synthetic polymer. Because of low mechanical strength of 
the membrane itself, the semipermeable membrane has been 
produced by casting a film-forming solution comprising the 
synthetic polymer on a fabric substrate as the support 
member (e.g., nonwoven fabric, woven fabric and the like) 
to produce the membrane. 

Among the semipermeable membranes, there is an 
instance where a semipermeable membrane used for an 
ultraprecision filtration such as in particular 
ultrafiltration, reverse osmosis and the like may be 
subjected to high pressure near 100 atmospheric pressure. 
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In such a case, a high strength and a dimensional stability 
are required of the support member which reinforces the 
membrane, said high strength bringing about no breaking of 
the support member at the high pressure, and said 
5 dimensional stability causing no elongation of the support 
member. Although a method of increasing a basis weight of 
the support member has generally been employed in the past 
in order to cope with said requirements, there are problems 
such as an increase of cost, a decrease of filtration 

10 efficiency and the like. 

Although it may be reasonable to increase a pore size 
of the membrane and the support member in order to improve 
a filtration rate by means of the semipermeable membrane, 
only the pore size of the support member is generally 

15 variable because the pore size and a thickness of the 

membrane are inevitably determined in many cases according 
to the requirements for purposes and using embodiments of 
the semipermeable membranes. However, in the case where 
the pore size of the support member becomes large, there is 

20 a drawback that a strike-through occurs when the film- 
forming solution comprising the polymer is casted on the 
support member, and the films are simultaneously formed on 
the obverse and reverse of the support member in the next 
solidifying process to produce the membrane having defects 

25 such as pinhole and the like. On the other hand, in the 
case where the pore size of the support member becomes 
small, the filtration rate of the semipermeable membrane is 
lowered, and an exfoliation of the membrane from the 



support member and the breakage of the membrane are easy to 
occur because an adhesion between the membrane and the 
support member becomes insufficient as the film-forming 
solution does not sufficiently permeate into the support 
5 member at the time of forming the semipermeable membrane, 
and a durability against an application of pressure at the 
time of filtration and a negative pressure at the time of 
washing. 

In addition, in the case where the surface of the 
10 support member is ununiform, the membrane having an 

irregular surface is formed owing to the ununiformity of 
the surface of the support member because the semipermeable 
membrane itself is extremely thin film in general, and the 
problems, such as a decrease of an effective filtering area, 
an accumulation of contaminants in the concave parts of the 
membrane and the like are brought about because said 
irregular surface gives many opportunities wherein a liquid 
to be filtered is concentrated in the concave parts. 

Accordingly, several propositions have heretofore been 
made in order to solve the aforementioned problems 
concerning the semipermeable membrane. For example, a 
support member for the semipermeable membrane is known 
wherein an adhesion between the membrane and the support 
member is improved by an anchoring effect of the membrane 
25 components in the through-type pores or concave cavities • 
that are formed on the surface of the support member on 
which the membrane is formed by winding the support member 
for the semipermeable membrane by means of a guide roll 
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having projections on the surface thereof (Japanese Patent 
Publication No. 15705/1986). However, in the case of this 
support member for the semipermeable membrane, an adhesion 
strength of the membrane to the support member is not so 
high because the anchoring effect of the membrane in the 
aforesaid cavities or through-type pores formed on the 
support member are insufficient. Furthermore, the 
aforementioned decrease of the effective filtering area, 
the accumulation of contaminants in the concave parts of 
the membrane and the like owing to the concentration of the 
liquid to be filtered in the concave parts are easy to 
occur because the concave parts are also formed on the 
membrane itself, which is produced on the surface of the 
support member, by forming the cavities on the surface of 
the support member on which the membrane is produced or by 
forming the pores through the support member. In addition, 
in the case of the support member through which the pores 
are formed, there are problems, such as an occurrence of 
pinholes caused by the break-through of the film-forming 
solution and the like. 

As another prior art, a support member for the 
semipermeable membrane has been proposed wherein the 
support member is formed from a nonwoven fabric having 
double-layer structure which comprises a low-density dry 
web layer having an air permeability of less than 5-50 
cc/cm 2 -s and a high-density wet web layer having an air 
permeability of from more than 0.1 cc/cm 2 's to less than 5 
cc/cm 2 -s, the objects of said prior art being an 



improvement of an adhesion of the membrane to the support 
member, a prevention of an occurrence of pinholes caused by 
a break-through of the film-forming solution and the like, 
an improvement of mechanical properties and the like 
5 (Japanese Patent Publication No. 35009/1993). However, it 
is difficult to prepare the membrane having a smooth 
surface and to ensure wide effective filtering area by 
means of said support member for the semipermeable membrane. 
As other prior art, a support member for a separating 
10 membrane has been proposed wherein said support member has 
a double structure which comprises an observe layer made of 
thick fibre having high surface roughness and the reverse 
layer made of thin fibre having a fine structure (Japanese 
Patent Publication No. 21526/1992). However, according to 
15 said prior art, the obverse of the separating membrane is 
rough, and an adhesion to a resin of the separating 
membrane as well as a filtering rate are easy to decrease 
because the reverse is too fine. 

Furthermore, a process for preparing a semipermeable 
membrane which comprises subjecting a base material of 
polyester nonwoven fabric for a support member to a corona 
discharge treatment, sprinkling water on said nonwoven 
fabric, casting a solution of polysulfone and the like for 
a porous support member on said nonwoven fabric within 5-10 
25 seconds to produce a film of supporting layer, and then 

forming a polyamide thin film on said film, the object of 
said process being an improvement of mechanical strength 
and water permeability of the semipermeable membrane 
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(Japanese Patent Publication No. 25539/1996). However, 
this method has a drawback that the process are complicated 
because it is necessary to employ multi-stage treatment in 
order to prepare the support member for the semipermeable 
membrane, said multi-stage treatment consisting of the 
corona discharge treatment, the sprinkle of water and the 
formation of the porous support layer. 

Problem to be solved by the Invention 

Therefore, the object of the present invention is to 
provide a support member for the semipermeable membrane 
having high quality which has an excellent adhesion to the 
semipermeable membrane such that the exfoliation of the 
semipermeable membrane from the support member and the 
breakage of said membrane are not brought about, and which 
does not cause the exfoliation and breakage of the membrane 
when it is used in the filtration under high pressure 
because of its excellent dimensional stability, and which 
can stably support the membrane when the filtration rate is 
high, and which produces the uniform and smooth membrane 
because of its excellent surface smoothness, and which can 
produce the membrane having no pinhole without causing the 
break-through of the film- forming solution. 

Another object of the present invention is to provide 
a process for preparing the support member for the 
semipermeable membrane having the aforesaid characteristics, 
and the semipermeable membrane having said support member. 
Means to solve the problem 

The present invention relates to a support member for 
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a semipermeable membrane, comprising the nonwoven fabric 
having a mean breaking length at elongation of 5 % in 
lengthwise direction (MD) and crosswise direction (CD) of. 
4.0 km or more and an air permeability of 0.2-10.0 cc/cm 2 -s. 

Furthermore, the present invention provides a process 
for preparing a support member for a semipermeable membrane 
which comprises (i) forming a monolayered paper web by 
making a paper from the material comprising the polyester 
fiber having a double refraction (An) of 0.170 or more and 
a heat shrinkage stress (200"C) of 0.10-0.60 g/d and a heat 
weldable binder fiber in a weight ratio of 70:30-30:70, and 

(ii) subjecting the monolayered paper web or a laminated 
web comprising at least the monolayered paper web to a heat 
treatment under pressure to bind the fibers each other or 

(iii) subjecting the monolayered paper web to a heat 
treatment under pressure to bind the fibers each other, and 
laminating the monolayered paper web or other fibrous web 
on the heat-treated monolayered paper web and then 
subjecting the laminated webs to a heat treatment under 

20 pressure to bind them in a body. 

Although the nonwoven fabric used in the present is 
particularly suitable for the support member for the 
semipermeable membrane, it is not intended that said fabric 
must be employed in only such use, and said fabric can 
25 suitably be employed for other uses. 

Therefore, the present invention includes the nonwoven 
fabric having the mean breaking length at elongation of 5 % 
in lengthwise direction (MD) and crosswise direction (CD) 
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of 4.0 km or more and the air permeability of 0.2-10.0 
cc/cm 2 -s, and the nonwoven fabrics having the 
undermentioned embodiments. 

In addition, the present invention includes the 
5 semipermeable membrane equipped with the support member 
having the semipermeable membrane on one side of the 
aforesaid support member for the semipermeable membrane. 

As described above, the support member for the 
semipermeable membrane according to the present invention 
io comprises the nonwoven fabric having the mean value of the 
breaking lengths at elongation of 5 % in lengthwise 
direction (MD) and crosswise direction (CD) of more than 
4.0 km and the air permeability of 0.2-10.0 cc/cm 2 -s. 

In developing the support member for the semipermeable 
15 membrane, the present inventors have found that the stress 
at elongation of few percent (i.e. 5 %) is more important 
factor than the stress at elongation at breakage for the 
dimensional stability of the support member for the 
semipermeable membrane. In particular, the factor that the 
20 mean value of the breaking lengths at elongation of 5 % in 
lengthwise direction (MD) and crosswise direction (CD) of 
the nonwoven fabric constituting the support member for the 
semipermeable membrane [hereinafter referred to the mean 
breaking length (at elongation of 5 %) ] is 4.0 km or more 
25 is extremely important from the viewpoint of the 
dimensional stability of said support member. 

For this reason, 4.0 km or more of the mean breaking 
length (at elongation of 5 %) is necessary to the support 
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member for the semipermeable membrane according to the 
present invention. When the mean breaking length (at 
elongation of 5 %) of the support member for the 
semipermeable membrane is less than 4.0 km, the dimensional 
5 stability is decreased, and the support member is easy to 
elongate under the pressure applied to the semipermeable 
membrane at the time of filtration and the negative 
pressure at the time of washing the semipermeable membrane, 
and a decrease of the filtering function and the like are 
10 brought about by an enlargement and a deformation of pore 
size of the semipermeable membrane and the like. From the 
viewpoint of the dimensional stability, supportability of 
the membrane, filtering property of the semipermeable 
membrane and the like, it is desirable to adopt more than 
15 4.3 km, more preferably, more than 5.0 km of the mean 
breaking length (at elongation of 5 %) in the support 
member for the semipermeable membrane according to the 
present invention . 

In the present specification, "the breaking length" 
20 means the value determined according to JIS P 8113(1976), 
said value being an indication showing an anti-tension of 
the nonwoven fabric itself which is not influenced by the 
basis weight and width of the sample of the nonwoven fabric. 
Therefore, "the mean breaking length (at elongation of 
25 5 %)" of the nonwoven fabric used in the support member for 
the semipermeable membrane is determined by the method 
described in detail in the following examples. 

In the case of the former nonwoven fabrics comprising 
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mainly of polyester fibre for clothing and industrial 
materials, said nonwoven fabrics have usually less than 3.8 
km of the mean breaking length (at elongation of 5 %) which 
was determined by the method described in the present 
specification. Therefore, the nonwoven fabric constituting 
the support member for the semipermeable membrane according 
to the present invention is characterized by the high mean 
breaking length (at elongation of 5 %) which has not 
generally be adopted in the formerly used nonwoven fabrics. 

Furthermore, in the case of the support member for the 
semipermeable membrane according to the present invention, 
it is necessary to define the air permeability of said 
support member within the range of 0.2-10.0 cc/cm 2 -s, and 
it is desirable to adopt the range of 1.0-5.0 cc/cm 2 -s, 
more preferably 1.5-5 cc/cm 2 -s. When the air permeability 
of the nonwoven fabric constituting the support member for 
the semipermeable membrane is less than 0.2 cc/cm 2 -s, the 
film-forming solution does not sufficiently permeate into 
the nonwoven fabric, and the membrane does not strongly 
adhere to the nonwoven fabric even if the concentration and 
viscosity of said solution are low. On the other hand, 
when the air permeability of the nonwoven fabric exceeds 
10.0 cc/cm 2 -s, the film-forming solution is apt to permeate 
to the inside of the nonwoven fabric (strike-through is apt 
to occur) and, at the same time, pinholes are apt to occur 
in the film structure owing to an entrapment of the air 
existing within the voids of the nonwoven fabric even if 
the concentration and viscosity of said solution are high. 
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An occurrence of the pinholes lowers a separability and 
durability of the semipermeable membrane. 

The term of the air permeability of the nonwoven 
fabric used in the present specification means the value 
measured according to JIS L 1079 (1966) . it will be 
described in detail in the af termentioned examples. 

The support member for the semipermeable membrane 
according to the present invention is not restricted in 
particular by the kinds of fibers which constitute the 
nonwoven fabric and the preparation methods of the nonwoven 
fabric insofar as said support member is constituted by the 
nonwoven fabric having the mean breaking length (at 
elongation of 5 %) of 4.0 km or more and the air 
permeability of 0.2-10.0 cc/cm 2 -s. 

As a main fiber constituting a basic backbone of the 
nonwoven fabric which is used for preparing the support 
member for the semipermeable membrane, the polyester fiber 
is preferred which has double refraction (An) of 0.170 or 
more and heat shrinkage stress at 200 °C [hereinafter 
referred to heat shrinkage stress (200°C)] of 0.10-0.60 g/d 
( gram/ denier ) . The objective nonwoven fabric can smoothly 
be obtained by employing such a polyester fiber, said 
nonwoven fabric having the mean breaking length (at 
elongation of 5 %) of 4 . 0 km or more and the air 
permeability of 0.2-10.0 cc/cm 2 -s. 

The term of the double refraction (An) used in the 
present specification means, as described in the 
af termentioned examples, the value determined in a-bromo- 
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naphthalene by means of the polarization microscope 
equipped with sodium light source and Berek compensator 
which is inserted in a light path of the microscope. 

The nonwoven fabric having the mean breaking length 
5 (at elongation of 5 %) of 4 . 0 km or more becomes hard to 
obtain when the double refraction (An) of the polyester 
fiber is less than 0.170 and/or the heat shrinkage stress 
(200-C) of the polyester fiber is less than 0.10 g/d. When 
the heat shrinkage stress (200 'O of the polyester resin 
0 exceeds 0.60 g/d, the shrinkage of the web becomes large 

and the formation is apt to lower (a cutting of the web and 
the like may occur in the extreme case) at the time of 
wetly making a fabric and at the next treatment under 
pressure during the process for manufacturing the nonwoven 
15 fabric. 

Polyester fibers used for garments in general have the 
double refraction (An) of less than 0.170 and the heat 
shrinkage stress (200 'C) of less than 0.08 g/d, and the 
nonwoven fabric manufactured from said polyester fibers has 
20 a low elasticity modulus. 

in the case of industrial materials, such as sewing 
yarns, roofing materials, rope and the like which require a 
high tenacity, although the polyester fibers for said 
industrial material have been known which have the double 
25 refraction (An) of more than 0.170, the heat shrinkage 

stress (200°C) of said polyester fibers is less than 0.10 
g/d, and the nonwoven fabric manufactured from said 
polyester fibers is unsuitable for producing the support 
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member for the semipermeable membrane because said -oven 
fabric has a low elasticity modulus and the mean breaking 
length (at elation o£ 5 „ of less than 4.00 km. In 
addition, although ace of the polyester fibers used for 
th e special fishing nets, such as longlines, sailcloths and 
th. like have the heat shrinkage stress (200'C) of more 
than 0.10 g/d, they are unsuitable for producing the 
nonwoven fabric of the support -e, for the semipermeable 
membrane because their double refraction ,*» is extremely 

lower than 0,170. 

Therefore, the polyester fibers, which are used as the 

«on fabric for producing the support 
main fiber of the nonwoven fabric ror p 

member for the semipermeable membrane according to the 

Mon are greatly different from the polyester 
present invention, are greduxy 

fibers which have generally been used heretofore. 

toy of the polyester fibers may preferably be used as 
the main fiber of the nonwoven fabric for producing the 
supp ort member for the semipermeable membrane insofar as 
they have the double refraction <An, of 0.1,0 or more and 
the heat shrinkage stress ,200'C, of 0.10-0.60 g/d. among 
others, these polyester fibers can smoothly be obtained by 
using polyfalkylene arylate, which comprises mainly of 
aliphatic diol unit and aromatic dicarboxylic acid unit. 

As the poly(alkylene arylate) fiber, the fiber 
manufactured from poly.alxylene arylate, may preferably be 
used, said poly.alkylene arylate, comprising mainly of drol 
unit which comprises ethylene glycol unit and/or 1,4- 
butanediol and dicarboxylic acid unit which comprises 



terephthalic acid unit and/or naphthalene dicarboxylic acid 
unit. As the concrete examples, polyethylene terephthalate 
fiber, polyethylene naphthalate fiber, polybutylene 
terephthalate fiber and polybutylene naphthalate fiber can 
be mentioned. These poly (alkylene arylate) fibers may 
independently be used or may be used as a mixture of two or 
more of these fibers. These poly (alkylene arylate) fibers 
may have about 20 mole % or less of the structural unit 
derived from other copolymerizable components insofar as 
they satisfy the aforementioned physical properties. 

The polyester fibers which are main fibers of the 
nonwoven fabric for producing the support member for the 
semipermeable membrane (said fibers may hereinafter be 
referred to the fibers mainly composed of polyester) may 
desirably have mean single fiber fineness of 1.0-8.0 denier, 
preferably 1.0-6.5 denier, more preferably 1.2-6.0 denier. 
In the case where the polyester fibers having the 
aforementioned mean single fiber fineness are used, the 
nonwoven fabric having a sufficient strength, the aforesaid 
air permeability (0.2-10.0 cc/cm 2 -s) and an excellent 
surface smoothness can smoothly be obtained because the 
polyester fibers have comparatively fine denier. 

On the other hand, in the case where the fibers mainly 
composed of polyester have mean single fiber fineness of 
less than 1.0 denier, the air permeability is apt to lower 
to less than 0.2 cc/cm 2 -s when the nonwoven fabric having 
high elasticity modulus is desired. In the case where said 
fibers have mean single fiber fineness of more than 8.0 
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denier, the nonwoven fabric obtained has the air 
permeability of more than 10 cc/cm'-s and comparatively 
large voids. In both cases, it becomes difficult to form 
the semipermeable membrane having an excellent filtering 
function on the support member. 

The factor that the fibers mainly composed of 
polyester have a fiber length (cut length) of 3-20 mm is 
preferable from the viewpoint of strength of the nonwoven 
fabric for producing the support member for the 
semipermeable membrane, dispersibility of the fibers in the 
stock solution used for masking a paper, formation of the 
nonwoven fabric obtained and the like. 

Section shapes of the fibers mainly composed of 
polyester may be circular or odd-shaped. In the case of 
the fiber whose section is odd-shaped, optional section 
shapes may be employed (e.g., ellipse, triangle, square, 
pentagon, higher polygon, T shape, cross shape, multifoil, 
flat, dog bone and the like) . 

Furthermore, the fibers mainly composed of polyester 
may be conjugate fibers, such as core/sheath type, 
sea/island type, side-by-side type and the like insofar as 
they do not deteriorate their characteristics. 

in addition, as occasion demands, the fibers mainly 
composed of polyester may comprise one or more of additives, 
such as other polymers (e.g., polyolefin, polycarbonate, 
polyamide, polyphenylene sulfide, polyether ketone, 
fluorine resin and the like) , titanium oxide, kaolin, 
silica, barium sulfate, carbon black, pigment, antioxidant, 
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ultraviolet absorber, light stabilizer and the 111c insofar 
as amounts of the additives do not deteriorate the 
aforesaid characteristics of said fibers. 

The nonwoven fabric for producing the support member 
for the semipermeable membrane according to the present 
invention, wherein a basis weight is low, a large number of 
extremely fine voids is uniformly distributed over the 
whole nonwoven fabric, an adhesion to the semipermeable 
membrane is extremely hi g h and wherein said fabric has an . 
excellent surface smoothness, the mean breaking length (at 
elongation of 5 %) of 4 .0 km or more and the air 
permeability of 0.2-10.0 cc/cm-s, can smoothly be obtained 
by manufacturing the nonwoven fabric from the polyester 
fibers having the double refraction (An, of 0.170 or more 
and the heat shrinkage stress ,200'C) of 0.10-0.60 g/d, said 
fibers being a main fiber, particularly the polyester 
fibers, among others poly (alkylene arylate, fibers, havrng 
these characteristics as well as the mean single frber 
fineness of 1.0-8.0 denier. The semipermeable membrane 
having large filtering area can be formed on such a support 
member. 

Although the preparation method of the fibers mamly 
composed of polyester which are the materials of the 
nonwoven fabric for producing the support member for the 
semipermeable membrane is not in any way restricted, said 
fibers can be prepared by, for example, the following 
process : 

,1, polyester, preferably aforementioned poly (alkylene 
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arylate), having an intrinsic viscosity of 0.5-0.8 dl/g is 
subjected to the melt spinning treatment; 

(ii) the spun fiber is drawn in a warm water bath; 

(iii) the drawn fiber is subjected to a stretching 
heat treatment and/or a relaxing heat treatment; and 

(iv) the heat-treated fiber is cut to the fibers 
having the prescribed length. 

The melt spinning condition, the drawing condition 
(draw ratio, drawing temperature and the like) , the heat 
treatment condition (heat-treating temperature, heat- 
treating time, tension at the time of heat treatment and 
the like), the wind-up condition and the like may suitably 
be selected depending on a kind and an intrinsic viscosity 
of the polyester used and the like. 

For example, although the preparation method of 
polyethylene terephthalate fiber used in the present 
invention is not in any way restricted, it can be prepared 

by the following process: 

(i) polyethylene terephthalate is subjected to the 
melt spinning treatment under the condition that the 
spinning temperature is 275-300°C and the haul-off speed is 

500-1000 m/min; 

(ii) the spun fiber is subjected to the drawing 
treatment under the condition that the drawing temperature 
is 70-85° C and the draw ratio is 4.8-5.5; 

(iii) the drawn fiber is subjected to the stretching 
heat treatment under the condition that the heating 
temperature is 140-210'C and the stretching degree is 0.99- 



1.01; and 

(iv) the heat-treated fiber is subjected to the 
relaxing heat treatment at 60-140°C (e.g., a tow stood in a 
vertical state on a free belt made of metallic net is 
5 slowly transferred in a hot-air dryer) . 

In addition, polybutylene naphthalate fiber used in 
the present invention can be prepared by the following 
process: 

(i) polybutylene naphthalate is subjected to the melt 
10 spinning treatment under the condition that the spinning 

temperature is 270-295°C and the haul-off speed is 500-1000 
m/min; 

(ii) the spun fiber is subjected to the drawing 
treatment under the condition that the drawing temperature 

15 is 70-85°C and the draw ratio is 4.8-5.5; and 

(iii) the drawn fiber is subjected to the stretching 
and relaxing heat treatments under the same conditions as 
those employed in the case of polyethylene terephthalate 
fiber . 

20 In the case of the aforementioned preparation methods, 

the drawing treatment may be carried out in one-stage or 
two-stage. When said treatment is conducted in two-stage, 
it is preferable to carry out the first step under the 
condition that the drawing temperature is 75-80 °C and the 

25 draw ratio is about 4.6-4.8 and to carry out the second 
step under the condition that the drawing temperature is 
80-85°C and the draw ratio is about 1.10-1.15. It is 
preferable to carry out the drawing treatment in two-stage 



because of a stable process. 

In the case where a series of aforementioned processes 
is employed, the objective polyester fibers having the 
double refraction (An) of 0.170 or more and the heat 
5 shrinkage stress (200°C) of 0.10-0.60 g/d can smoothly 

obtained by adjusting the condition of the heat treatment 
process (stretching heat treatment and/or relaxing heat 
treatment) which is the final process. 

When the nonwoven fabric used for producing the 

10 support member for the semipermeable membrane is prepared 
by using the aforementioned fibers mainly composed of 
polyester, it is preferable to prepare the nonwoven fabric 
by using the fibers mainly composed of polyester in 
combination with a heat-weldable binder fiber in order to 

15 obtain the nonwoven fabric having excellent surface 

smoothness and mechanical property by making strong and 
satisfactory bonds between the fibers of the nonwoven 
fabric, and in order to make the preparation method of the 
nonwoven fabric easy. 

20 Any of the thermoplastic fibers may be used as a 

binder fiber insofar as it softens at lower temperature 
than the softening temperature of the fibers mainly 
composed of polyester and it can form the nonwoven fabric 
having the mean breaking length (at elongation of 5 %) of 

25 4 . 0 km or more and the air permeability of 0.2-10.0 cc/cm 2 * 
s. The binder fibers are not particularly restricted, and, 
for example, heat-weldable polyester fibers, heat-weldable 
polyamide fibers, heat-weldable polyolefin fibers and the 



20 



like can be used. Among others heat-weldable polyester 
fibers are preferably used as a binder fiber from the 
viewpoint of affinity with the fibers mainly composed of 
polyester, performance of the obtained nonwoven fabric as 
5 the support member for the semipermeable membrane. 

As the heat-weldable polyester binder fibers, 
unstretched polyester fibers, low-melting polyester fibers, 
and the conjugate fibers composed of low-melting polyester 
and ordinary polyester (e.g., core/sheath type, side-by- 
o side type, sea/island type and the like), which are 

prepared in such a way that the low-melting polyester 
exists on at least a part of the fiber surfaces, are 
exemplified. The heat-weldable polyester binder fibers may 
be used independently or may be used as a mixture of two or 

15 more of said fibers. 

As the low-melting polyester fiber or low-melting 
polyester, the polyester fiber or polyester having low 
melting point which is prepared by copolymerization, melt 
mixing and the like, for example, can be used. 

Furthermore, heat-weldable polyester binder fiber 
having the double refraction (An) of 0.05 of less and the 
specific gravity of 1.335-1.360 is preferably used as the 
binder fiber because said polyester binder fiber exhib.ts 
an excellent adhesion between the fibers. 
25 It is preferable to adjust the ratio of the fiber 

mainly composed of polyester: the heat-weldable binder 
fiber when the nonwoven fabric is manufactured to 70:30- 
30-70 (weight ratio), more preferably 65:35-45:55 (weight 
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1:1: ::i — - - * « — * 

• a i lability of the nonwoven fabric 
decrease of dimensional stability 

Id the ii,e are easy to occur became of poor adhesron 
between the fibers which constitute the nonwoven fabr.c. 

* ™ = v-inn the nonwoven fabric for 
At the time of making me 

fnr the semipermeable membrane, 
producing the support member for the sem 

n fabric can be made by dry process or 
although the nonwoven fabric nolve ster 
wet process wherein the fiber mainly composed of polyeste 
and the heat-weldable binder fiber are used in the weight 
loof, Preferably, ,0:30-30,0 as described above, - 
wet process for making a paper is preferably used. 

slur ry is prepared wherein the fiber mainly composed 

polyester and the heat-weldable binder fiber are 

polyester aaueous medium, and 

homogeneously mixed and dispersed m an agueo 

then said aqueous slurry is preferably subjected to 

l wet Process for making a paper. Although a 
conventional wet process is 

.eventration of soiid contents in the aqueous « 
particuiarly unrestricted and -y be sa»e extent of 
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i wot- nrocess for making a paper, an 
in the conventional wet process 

agueous siurry whose final concentration of so,,, contents 
i. about 0.01-0.5 » by weight is preferably employed in 

qeneral way. 

At the time of preparing the aqueous slurry, one or 
mo re of the additives, such as hydrophilizing agent, 
Aspersing agent, anti-foamin g a g ent. antistatic a g ent, 
mo ld release agent, water repellent agent, anti-fungus 

^ th. like may be added to the paper 
agent, germicide and the like may 

material in order to, for example, increase a 
disp ersibility of the fiber mainly composed of poly - 
th e heat-weldable binder fiber and the like and to 
a performance of the nonwoven fabric obtained. 

» addition, a s,all amount of other components other 
than the aforementioned components, for example, other . 

^ +-v^ likP mav be used as 
polymer fibers, polymer binders and the like may 

, ■ rtf « as they do not disturb the object 
occasion demands insofar as they 

of the present invention. 

The agueous slurry prepared as described above is then 
subjected to the wet process for making a paper. The 
pro cess and the apparatus for making the nonwoven 
are particularly unrestricted. Any processes and 
apparatuses may be used that have hitherto been employe 
£or the wet process for making a paper. - example, said 
W et process can be carried out by means of one or two or 
mo re of a paper machine eguipped with a .ourdrin, „ ^aper 
machine, a paper machine eguipped with an incl ined w 
machine, a paper machine eguipped with a cylinder paper 



machine and the like. In the case where a couching is 
carried out by means of two or more of the paper machines, 
a paper web wherein a cloudiness is more decreased is 
obtained. 

The objective nonwoven fabric for producing the 
support member for the semipermeable membrane is 
manufactured by subjecting the paper web obtained as 
described above to a heating treatment under pressure in a 
state of monolayer or in a state of laminated web prepared 
by laminating plural sheets of said paper web or by 
laminating said paper web and other fiber web to melt the 
heat-weldable binder fiber and to unite the fibers in a 
body. 

An alternative method which is different from the 
aforesaid method may be employed. In other words, the 
nonwoven fabric for producing the support member for the 
semipermeable membrane is manufactured by subjecting the 
monolayered paper web prepared as described above to the 
heating treatment under pressure to melt the heat-weldable 
binder fiber and to unite the fibers, and laminating the 
monolayered paper web prepared as described above which is 
not subjected to the heating treatment under pressure or 
other fibrous web onto the heat-treated monolayered paper 
web, and then subjecting the obtained laminated web to the 
heating treatment under pressure as occasion demands. 

In the case where the laminate composed of plural 
sheets of the paper web is subjected to the heating 
treatment under pressure, an integrated nonwoven fabric 
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having an increased uniformity can be obtained by using 
same Kind of webs or a nonwoven fabric having different 
physical properties, such as density and the like in the 
direction of thickness can be obtained by using different- 
ki nd of webs. Therefore, the kinds of webs may suitably be 
selected in accordance with the uses, kinds and the like of 
the semipermeable membrane. 

m the case where the nonwoven fabric is manufactured 
by subjecting the laminate composed of plural sheets of the 
paper web to the heating treatment under pressure, it rs 
possible to employ a web prepared by using the frbers 
having the double refraction <An, of less than 0.170 and/or 
the heat shrinkage stress (200'C) of a value which rs 
deviated from the range of 0.10-0. .60 g/d as a part of the 
laminate as occasion demands. 

Although the temperature and pressure employed at the 
time of heat-treating the laminate under pressure when the 
nonwoven fabric is manufactured can be adjustable in 
accordance with a kind of the paper web, a laminating 
method, a desired performance of the support member 
composed of the nonwoven fabric for the semipermeable 
membrane and the like, the temperature of 150-260 C, 
preferably 200-240'C, and the linear pressure of 50-150 
kg/cm, preferably 80-120 kg/cm are employed, as a general 
rule . 

A kind and the like of a heating press used in the 
heating treatment under pressure are unrestricted in 
particular, and the heating presses which are heretofore 
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employed for various purposes can be used. For example, a 
calendering equipment composed of a pair of heating 
metallic rolls, a calendering equipment composed of a 
h eating metallic roll and an elastic roll and the like car, 
b e employed. Furthermore, a preheating device and/or a 
cooling device may be arranged before and behind the 

heating press. 

In the case where, for example, the calendering 
equipment composed of the heating roll and the elastic roll 
is employed, it is preferable to carry out the heating 
treatment under pressure by double calendering of two sides 
£ rom the viewpoints of a prevention of hairiness appeared 
in two sides of the nonwoven fabric and an evenness of a 
smoothness of two sides. In such a case, the temperature 

i , in the second heating treatment 
and the pressure employed m the seco 

under pressure may be same as or different from those 
employed in the first heating treatment under pressure. 

The support member for the semipermeable membrane 
according to the present invention is obtained by the 
aforementioned methods, said support member being composed 

f , krir havinq the mean breaking length (at 

of the nonwoven fabric navmg 

elongation of 5 %) of 4 . 0 km or more and the air 
permeability of 0.2-10.0 cc/cm'-s. The support member for 
the semipermeable membrane has higher elasticity modulus 
and superior dimensional stability in comparison with the 
former support member for the semipermeable membrane. 
Furthermore, the support member for the semipermeable 
m embrane according to the present invention has more 
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micropores and superior surface smoothness in comparison 
with the former support member for the semipermeable 
membrane under the condition that the air permeabilities of 
the both support members are adjusted to the same value. 
Therefore, the support member for the semipermeable 
membrane according to the present invention has various 
excellent physical properties, such as those described 
below: 

(i) peeling and breaking of the semipermeable membrane 
do not occur because of excellent adhesion of the support 
member to the semipermeable membrane formed on said support 
member; 

(ii) dimensional change of the support member as well 
as peeling breaking of the semipermeable membrane do not 
occur when the support member is employed in high-pressure 
filtration; 

(iii) the semipermeable membrane is supported by the 
support member even if a filtering rate is high; 

(iv) even and smooth semipermeable membrane having no 
irregularity can be formed on the support member; and 

(v) the semipermeable membrane having no pinhole can 
be formed on the support member as a strike-through of the 
film- forming solution do not occur. 

The support member for the semipermeable membrane 
having the aforesaid excellent physical properties 
according to the present invention can very effectively be 
used as a support member for various devices equipped with 
the semipermeable membrane, for example, the filters for 
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treating liquid, such as a filter for preparing ultrapure 
water, a filter for turning salt water into fresh water, an 
industrial or a domestic filter for purifying waste water, 
a filter for purifying blood, a filter for concentrating 
liquid food and the like, the filters for treating gas, 
such as those employed in a device for enriching oxygen and 
the like. 

If circumstances require, it is possible to employ the 
support member as a prefilter without using the 
semipermeable membrane by arranging said support member 
before a device equipped with the semipermeable membrane. 

In the case where a semipermeable membrane having a 
support member is prepared by forming the semipermeable 
film on the support member for the semipermeable membrane 
according to the present invention, any of the methods that 
are formerly known as a process for preparing the 
semipermeable membrane on the porous support members, such 
as a nonwoven fabric and the like can be employed. 
Therefore, the process for preparing the semipermeable 
membrane having the support member according to the present 
invention is not in any way restricted. In addition, kinds 
of the polymers for film formation which is used for a 
formation of the semipermeable membrane, kinds and 
ingredients of the film-forming solution, an application 
method of the film-forming solution on the support member, 
a formation method of a film from the film-forming solution 
applied on the support member, and the like are not in any 
way restricted. Although a process for preparing the 



28 



semipermeable membrane according to the present invention 
which comprises a semipermeable film and the support member 
composed of the aforementioned nonwoven fabric is not xn 
any way restricted, said semipermeable membrane can be 
obtained by, for example, applying the film-forming 
solution wherein a polymer is dissolved or dispersed on the 
support member for the semipermeable membrane according to 
the present invention with an application method, such as a 
casting method and the like, and then subjecting the 
, applied film-forming solution to a solidifying and drying 
treatment to form a semipermeable polymeric film on the 
support member. 
Examples 

Although the present invention will concretely be 
5 explained by the following examples and the like, the 
present invention is not in any way restricted by said 
examples. In the following examples and the like, and 
intrinsic viscosity of polyester, a double refraction (An) 

, • i e,*-v-^.= c; <?oo°C) of polyester fiber, a 
and a heat shrinkage stress uuu ox. y x 

2 „ mean breaking length (at elongation of 5 %> of the nonwoven 
fabric (the support -ember for the semipermeable membrane) , 
air permeability, surface smoothness and pore size are 
determined as described below. In the following examples 
and the like, "%» means »% by weight" unless otherwise 

25 mentioned. 

» n ^rinsic y<«™«il-v rwl of polyester 
The solution of polyester was prepared by dissolving 
the polyester chip in o-chlorophenol in such a way that the 
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concentration of the polyester becomes 0.5 %. A relative 
viscosity (concentration: 0.5 S) and a specific viscosity 
of the solution were measured in the thermostatic chamber 
(30°C) by means of Ubbelohde 's viscometer. An intrinsic 
viscosity (unit: dl/g) of polyester was determined by an 
extrapolatory conversion from the previously drawn graph 
which represents the relationship between the specific 
viscosity and the concentration. 

A rinnhle rPfrar.1-. i nn (An^ of Dol vestcr fiber 
The double refraction (unitless) of polyester fiber 
was measured in oc-bromonaphthalene by means of the 
polarization microscope using sodium light source under the 
condition that Berek compensator was inserted into the 
light path of the polarization microscope and that the 
temperature and the relative humidity were set to 20 'C and 

65 % respectively. 

a hP.r shr i nvanp si-.rpss (?QQ°C) of polyester fiber 
Single fibers were sampled from the polyester tow 
before cutting thereof in such a way that the fiber bundle 
of 125 denier was obtained. This fiber bundle of 125 
denier was hung on the upper and lower hooks (space: about 
5 cm) of the equipment for measuring the heat shrinkage 
stress ("KE-II type" manufactured by Kanebo Engineering 
Co.), and then the fiber bundle was tied to make the fiber 
25 bundle of 250 denier. The heat shrinkage stress of the 

fiber (unit: g/denier) at 200°C was measured by increasing 
the temperature of the fiber bundle of 2 50 denier at a rate 
of temperature rise of 300°C/120 seconds until the fiber 
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bundle reaches a melt cutting under the condition that the 
initial load of 15 g was applied to the fiber bundle of 250 
denier . 

a rr^n br a ving length (at elongation of 5 %) of the 
5 nnnwnv^n f ^Hr (the support member for the semipermeable 

membrane) 

The test piece (15 mm long and 200 mm broad) was cut 
from the nonwoven fabric obtained in each of the following 
examples and the like. The longitudinal and transverse 
io tensile strengths of the test piece were measured according 
to JIS P 8113 (1976), and the breaking length was 
determined from the tensile strength corresponding to its 
elongation of 5 %. A mean value of the longitudinal and 
transverse breaking lengths [(longitudinal 5 % breaking 
15 length + transverse 5 % breaking length) /2] was determined, 
said mean value being defined as the mean breaking length 
(at elongation of 5 %) (unit: km) of the nonwoven fabric. 
The mean breaking length (at elongation of 5 %) is an index 
of the dimensional stability of the nonwoven fabric. The 
20 more said value is high, the more said dimensional 
stability is high. 

fi-i^ P^T-ni^hi i i t Y of thg nonwoven fabric (the support 

inpTiihpr for spttii nermeabl e membrane) 

The test piece (200 mm long and 300 mm broad) was cut 
25 from the nonwoven fabric obtained in each of the following 
examples and the like. According to JIS L 1079 (1966), the 
air permeability (unit: cc/cm 2 -s) of the test piece was 
measured by means of Flazier type tester. 
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Snrfarp smnnthppss nf t hP nonwoven fabric (the SUPPOrt 
me mber for t-hP semipermeabl e membrane) 

According to JIS P 8119 (1976), the surface smoothness 
(unit: second) of the nonwoven fabric obtained in each of- 
5 the following examples and the like by means of Bekk tester. 

PnrP si7P of hhp nnnwnv p n fahrir (the SUPPnrt member 
for rhe sem ipermeable membrane) 

The pore size (maximum pore diameter) (unit: um) of 
the nonwoven fabric obtained in each of the following 
10 examples and the like was measured according to 

"Explanation" (pages 7-10) appended in JIS K 3832 (1990) 
"Precision filter membrane element and a treating method of 
bubble point of module". The magnitude of the pore size 
(maximum pore diameter) of the nonwoven fabric is an index 
15 which indicates whether numbers of the fine pores are many 
or not when the air permeability is at the same level. 
(Examples 1-5 and Comparative examples 1-3) 

(1) Polyethylene terephthalate (PET) chips (intrinsic 
viscosity: 0.64 dl/g) were melted at 300 °C and discharged 

20 at 285°C through the spinning nozzle having circular holes 
of 600, and then the discharged PET was taken off at the 
take-off speed of 565 m/min to prepare the unstretched 
yarns (fineness of single fiber: 9.1 denier). 

(2) The unstretched yarns obtained in the above (1) 
25 were bundled under tension to prepare the tow of 650000 

denier. The tow was drawn in the warm water bath 
(temperature: 75-85 °C) by two-step process at the draw 
ratios as described in the following table 1, and the 
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stretched tow was subjected to the stretch heat treatment 
and other relaxation heat treatment under the conditions as 
described in the following table 1 to prepare the stretched 
polyester fibers (mean fineness of single fiber: 1.8-2,1) 
5 having the double refraction (An) and the heat shrinkage 

stress (200 °C) as described in the following table 1. The 
stretched polyester fibers were cut in length of 10 mm to 
obtain the stretched PET short fibers having no crimps. 
The aforesaid relaxation heat treatment was carried out by 

10 subjecting the stretched polyester fibers, which was 

subjected to the stretch heat treatment (heating roller 
process) at a fixed temperature, to a hot-air drying 
treatment in a free state for about 30 minutes. 

(3) Sixty parts by weight of the stretched PET short 

15 fiber obtained in the aforesaid (2) and 40 parts by weight 
of the unstretched PET short fiber [double refraction (An) : 
0.012; fineness of single fiber: 1.1 denier; fiber length: 
5 mm; specific gravity: 1.340; circular section; no crimps] 
were charged into the pulper, and mixed and dispersed 

20 sufficiently in the water to prepare the aqueous slurry 
whose fiber concentration is 0.05 %. The aqueous slurry 
was transferred to cylinder paper machine to make a paper. 
The paper dried by means of Yankee drier (120°C) and wound 
up to prepare the paper web (basis weight: 72 g/m 2 ) . 

25 (4) The paper web obtained in the aforesaid (3) was 

passed through the heat calender processing equipment 
composed of the metallic roll and the cotton roll in such a 
way that the back side (the side which was not contacted 
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with the Yankee drier at the time of making paper) was 
contacted with the metallic roll under the following 
conditions, and then the calendered paper web was passed 
through said equipment in such a way that the right side 
5 was contacted with the metallic roll under the same 

conditions to prepare the nonwoven fabric made of PET whose 
both sides were calendered: the fixed temperature of the 
metallic roll: 230°C; linear pressure: 80 kg/cm; processing 
speed: 10 m/min. The basis weight of the nonwoven fabric 

10 obtained was 72-74 g/m 2 . 

(5) The mean breaking length (at elongation of 5 %) 
and the air permeability of the nonwoven fabric obtained in 
the aforesaid (4) were measured according to the 
aforementioned methods, and the results obtained are shown 

15 in the following table 1. 
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As can be seen from the results of the table 1, the 
performances of the nonwoven fabrics composed of the 
synthetic fibers are different from those of the papers 
composed of natural wood pulp, and change greatly depending 
on the conditions of the heat treatment at the time of 
preparing the fibers, and the objective nonwoven fabrics 
for producing the support member for the semipermeable 
membrane are smoothly obtained by employing the polyester 
fibers having the specific double refraction (An) and heat 
shrinkage stress (200°C), particularly the polyester fibers 
having the double refraction (An) of 0.170 of more and the 
heat shrinkage stress (200°C) of 0.10-0.60 g/d, said 
nonwoven fabrics having the mean breaking length (at 
elongatin of 5 %) and the air permeability of 0.2-10.0 

cc/cm 2 *s . 

(Examples 6-10) 

(1) The PET chips having the intrinsic viscosity of 
0.64 dl/g were melted at 300 °C, and then the same procedure 
as described in (1) of example 1 was carried out to prepare 
the unstretched yarns (fineness of single fiber: 17.8 
denier) . 

(2) The unstretched yarns obtained in the above (1) 
were bundled under tension to prepare the tow of 650000 
denier. According to the same manner as described in (2) 
of example 1, the tow was drawn in the warm water bath 
(temperature: 75-85°C) by two-step process at the draw 
ratios as described in the following table 2, and the 
stretched tow was subjected to the stretch heat treatment 
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and the relaxation heat treatment under the conditions as 
described in the following table 2 to prepare the stretched 
polyester fibers (mean fineness of single fiber: 3.8-4.2) 
having the double refraction (An) and the heat shrinkage 
stress (20CTC) as described in the following table 2. The 
stretched polyester fibers were cut in length of 10 mm to 
obtain the stretched PET short fibers having no crimps. 

(3) Fifty-five parts by weight of the stretched PET 
short fibers obtained in the aforesaid (2) and 45 parts by 
weight of the same unstretched PET short fibers as used in 
(3) of example 1 were charged into the pulper, and the same 
procedure as described in (3) of example 1 was carried out 
to make the paper web (hereinafter referred to as "paper 
web A") (basis weight: 51 g/m 2 ) . 

(4) Apart from the aforesaid (1), the same procedure 
as described in the aforesaid (1) was carried out to 
prepare the unstretched polyester yarns (mean fineness of 
single fibers: 6.2 denier), and said unstretched polyester 
yarns were bundled under tension to prepare the tow of 
650000 denier. Said tow was drawn in the warm water bath 
(temperature: 75-85°C) by two-step process at the draw 
ratios as described in the following table 2, and stretched 
tow was subjected to the stretch heat treatment and the 
relaxation heat treatment under the conditions as described 
in the following table 2 to prepare the stretched polyester 
fibers (mean fineness of single fiber: 1.2-1.4) having the 
double refraction (An) and the heat shrinkage stress 
(200 -C) as described in the following table 2. The 
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stretched polyester fibers were cut in length 

obtain the stretched PET short fibers having no crimps. 

,5, Fifty-five parts by weight of the stretched PET 
short fibers obtained in the aforesaid (4, and 45 parts by 
weight of the same unstretched PET short fibers as used rn 

,3, of example 1 were charged into the pulper, and the same 
procedure as described in (3, cf example 1 was carried out 

to mafce the paper web (hereinafter referred to as "paper 

web B") (basis weight: 51 g/m 2 ) . 

(6) The paper web A obtained in the aforesaid (3) and 

the paper web B obtained in the aforesaid (5) were 

=r,H t-hPn the right and back sides of 
laminated one by one, and then tne rxy 

the laminated webs were heat-processed by means of the heat 
calender processing equipment composed of the metallic 
roll/the cotton roll according to the same manner as 
described in (4) of example 1 to prepare the nonwoven 
fabric (basis weight: 102-104 g/m 2 ). 

(7 ) The mean breaking length (at elongation of 5 %) 
and the air permeability of the nonwoven fabric obtained in 
the aforesaid (6) were measured according to the 

-v^c: The results obtained are shown m 
aforementioned methods. Tne result 

the following table 2. 
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Table 2 





Ex . 6 


Ex. 7 


Ex . 8 


Ex. 9 


Ex. 10 


[Paper web A] 

Fibers mainly composed of PET 
Draw ratio (times) 


5.1 


5.1 


5.2 


5.2 


5 . 3 


Temperature of heat treatment ( "C) 
Stretch treatment 
Relaxation treatment 


160 
120 


180 
70 


180 
120 


200 
70 


200 
70 


Double refraction (An) 


0 . 180 


0.194 


0. 184 


0 . 198 


0 . 205 


Heat shrinkage stress (g/d) 1 ' 


0.13 


0.32 


0.26 


0 . 44 


0 . 56 


[Paper web B] 

Fibers mainly composed of PET 
Draw ratio (times) 


5.0 


5 . 0 


5 . 0 


5 . 1 


4.5 


Temperature of heat treatment ( ° C) 
Stretch treatment 
Relaxation treatment 


160 
120 


180 
70 


180 
120 


200 
70 


180 
120 


Double refraction (An) 


0 . 181 


0.192 


0. 188 


0 . 202 


0. 166 


Heat shrinkage stress (g/d) 1} 


0 . 17 


0. 25 


0.35 


0.57 


0.08 


[Physical properties of the 
laminated nonwoven fabric] 
Mean breaking length (km) 2) 


5 . 6 


7.4 


6.5 


7 . 6 


4.3 


Air permeability (cc/cm 2 -s) 


2.3 


3.4. 


2.5 


4.1 1 2.8 



1) Heat shrinkage stress (200°C) 
5 2) Mean breaking length (at elongation of 5%) 

In the case where the nonwoven fabric is prepared by 
heating the laminated paper webs under pressure, the 
following fact can be found from the results shown in the 

10 above table 2. That is to say, the objective nonwoven 

fabric having the mean breaking length (at elongation of 
5 %) of 4.0 km or the more and the air permeability of 0.2- 
10.0 cc/cm 2 *s for producing the support member for the 
semipermeable membrane can smoothly be obtained even if at 

15 least one layer of the paper web made of the polyester 

fibers having the double refraction (An) of 0.170 or more 
and the heat shrinkage stress (200 0 C) of 0.10-0.60 g/d was 



used in combination with the paper web made of the 
polyester fibers not having the double refraction (An) of 
0,170 or more and the heat shrinkage stress (200°C) of 
0.10-0.60 g/d (example 10) as in the cases where the 
5 nonwoven fabrics were prepared by heating the laminated 

paper webs made of the polyester fibers having the double 
refraction (An) of 0.170 or more and the heat shrinkage 
stress (200°C) of 0.10-0.60 g/d under pressure (example 6- 
9) . 

10 (Example 11) 

(1) By changing the discharging amounts of the molten 
polymer in the spinning process, the unstretched yarns were 
prepared by carrying out the same procedure as described in 
(1) of example 1. The unstretched yarns were bundled under 

15 tension to prepare the tow of 650000 denier. According to 
the same manner as described in (2) of example 1, the tow 
was drawn in the warm water bath (temperature: 75-85 °C) by 
two-step process at the draw ratios as described in the 
following table 3, and the stretched tows were subjected to 

20 the stretch heat treatment and the relaxation heat 
treatment under the conditions as described in the 
following table 3 to prepare the stretched polyester fibers 
having the double refraction (An) , the heat shrinkage 
stress (200°C) and the fineness of single fiber as 

25 described in the following table 3. The stretched 

polyester fibers were cut in length of 10 mm to obtain the 
stretched PET short fibers having no crimps. 

(2) Sixty parts by weight of the stretched PET short 
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fib ers obtained in the aforesaid (1) and 40 parts by weight 
of the same unstretched PET short fibers as used in (3) of 
example 1 were charged into the pulper, and the same 
procedure as described in (3) of example 1 was carried out 
5 to make the paper web. The right and bade sides of the 

paper web were heat-processed by means of the heat calender 
processing equipment composed of the metallic roll/the 
cotton roll according to the same manner as described in 
(4) of example 1 to prepare the nonwoven fabric (basis 

10 weight: 82-83 g/m 2 ) . 

(3 ) The mean breaking length (at elongation of 5 %) 
and the air permeability of the nonwoven fabric obtained in 
the aforesaid (2) were measured according to the 

* fv,^. The results obtained are shown in 
aforementioned methods. me rebun 

15 the following table 3. 



CO 



-P to 
M O 
CD -H 

a M 

O XI 
M rd 
CU M-1 

ft CU 
u > 
*H O 

in S 
, >i c 
Lc o 

Oj c 



rd £ 
a) o 

e ^ 

H u o 

-H (U U 

<: a — 



m o g 

tr» — *h ^ 

c -p — 

-h x: rd — 



^ -P op I 

C rd tr> C ld 
(COCO 

CD M CD r-H M-l 1 
^ XI H (U O 



CU 

rd — 

^ in u 

d to • — 

rd i-i M o \ 

(D XI -P cm Cnl 

K w w ' — 



0-i 



(D U 

H «3 - 

X! M C 

Q M 



CD 



CO 



CD 



CO tT> 

CD £ 

(D CO CD C! O 

G X) <u 

■H >H -H TJ 
En O ^ 



3 -P O l> 

p C \ -H \ 

ffl +J CD x: -P o 

M OJ g U rd oo 

(D (D -P -P >! M 

CL XI rd CD rd 

S CD M H 

q) u_| M -P CD 

H O -P CO H 



CO 

O CD 

s -h a 

rd -P *H 
U rd -P 
Q M — 



M -H 

CD M 

0 CD -P 

1 a c 

a M-l « CD 

z o w e 



O 



00 <-» 



cm in I ro 



lO 



I 00 



ro ro 



I ro 



oo oo 



o 



ro 



Icri 1 <x> 
I r- I oo 



I o 



1 o 
1 r~ 



1 o I o 
I o I o 
cm I cm 



LO I LO 



LO I LO 



42 



10 



15 



20 



25 



From the results shown in table 3, the following fact 
can be found. That is to say, it is preferable to use the 
polyester fibers having the double refraction (An) of 0.170 
or more, the heat shrinkage stress (200 °C) of 0.10-0.60 g/d 
and the fineness of single fiber of 1.0-8.0 denier in order 
to obtain the nonwoven fabric having the mean breaking 
length (at elongation of 5 %) and air permeability of 0.2- 
10.0 cc/cm 2 -s. If the fineness of single fiber of the 
polyester fiber is less than 1.0 denier, the air 
permeability of the nonwoven fabric is apt to decrease to 
less than 0.2 cc/cm 2 -s. On the other hand, the fineness of 
single fiber of the polyester fiber exceeds 8.0 denier, the 
air permeability of the nonwoven fabric is apt to exceed 
10.0 cc/cm 2 -s. 

(Examples 12-14 and Comparative examples 4 and 5) 

(1) The polyethylene naphthalate (PEN) chips having 
the intrinsic viscosity of 0.62 dl/g were melted at 305°C 
and discharged at 288 "C through the spinning nozzle having 
circular holes of 600, and then the discharged PEN was 
taken off at the take-off speed of 565 m/min to prepare the 
unstretched yarns (fineness of single fiber: 9.2 denier). 

(2) The unstretched yarns obtained in the above (1) 
were bundled under tension to prepare the tow of 650000 
denier . The tow was drawn in the warm water bath 
(temperature: 75-85°C) by two-step process at the draw 
ratios as described in the following table 4, and the 
stretched tow was subjected to the stretch heat treatment 
and the relaxation heat treatment under the conditions as 
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.escribed in the following table 4 to prepare the stretch 
polyester fibers (mean fineness of single fiber: 1.9-2. 
having the double refraction ,*0 and the heat shrinkage 
stress (200-C) shown in the following table 4. The 
stretched polyester fibers were cut in length 
obtain the stretched PEN short fibers having no crimps. 

,3, Fifty parts by weight of the stretched PEN short 
£lb er obtained in the aforesaid ,2, and SO parts by weight 
o£ the unstretched PET short fiber tdouble refraction (An, : 
0 016; fineness of single fiber: 1.0 denier; fiber length: 
5 m , specific gravity: L342, circular section; no crimps, 
were charged into the pulper, and mixed and dispersed 
sufficiently in the water to prepare the aqueous slurry 
wh ose fiber concentration is 0.0S %. The aqueous slurry 
was transferred to the paper machine equipped wrth a 
cylinder paper machine net to make a paper. The paper was 
dr ied by means of Yankee drier (120 "CI and wound up to 

prepare the paper web (basis web: 88 g/m*> . 

.j _ r +-v^ naDer web obtained 
(4) The right and back sides of the paper w 

in the above .3, were heat-processed by means of the heat 

calender processing equipment according to the same manner 

as described in ( 4, of example 1 to obtain the nonwoven 

^ pfn fiber (basis weight: 90-91 
fabric mainly composed of PEN lioer v 

(5 ) The mean breaking length (at elongation of 5 .) 
and the air permeability of the nonwoven fabric obtained m 
the aforesaid (4) were measured according to the 

4-k The results obtained are shown in 

aforementioned methods. The resuu 



the following table 
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As can be seen from the results shown in the above 
table 4, the same results in the case of PET fiber were 
obtained when PEN fiber is a main fiber which constitutes 
the nonwoven fabric. 
5 (Comparative examples 6 and 7) 

(1) Twenty-five parts by weight of PET fiber (fineness 
of single fiber: 6.0 denier; fiber length: 10 mm) having 
the double refraction (An) of 0.166 and the heat shrinkage 
stress (200°C) of 0.06 g/d, 30 parts by weight of PET fiber 

10 (fineness of single fiber: 1.5 denier; fiber length: 5 mm) 

having the double refraction (An) of 0.162 and the heat 
shrinkage stress (200°C) of 0.05 g/d and 45 parts by weight 
of the same unstretched polyester short fiber as used in 
(3) of example 1 were charged into the pulper, and mixed 

15 and dispersed sufficiently in the water to prepare the 

aqueous slurry whose fiber concentration is 0.06 %. The 
aqueous slurry was transferred to the paper machine 
equipped with a cylinder paper machine to make a paper. 
The paper was dried by means of Yankee drier (120°C) and 

20 wound up to prepare the paper web (basis weight: 4 9 g/m 2 ) . 

(2) Two paper webs obtained in the aforesaid (1) were 
laminated, and the laminated paper web was passed through 
the heat calender processing equipment composed of the 
metallic roll/the cotton roll in such a way that one side 

25 of the laminated paper web was subjected to the treatment 
of thermal contact bonding under the conditions that the 
temperature of the metallic roll, the linear pressure and 
the processing speed were set to 230 °C, 80 kg/cm and 10 
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-/«» respective,, and then ^ paper ^ 

turned over and its another side was subjected to the 
treatment thermal contact bonding under the s« 
conditions (comparative example 6) or said another side was 
subjected to the treatment o f thermal contact bondin g under 
the conditions that the temperature o f the metallic roll 
the iinear pressure and the processing speed were set to' 

c, iso kg/cm and 10 ^ respectlvely (comparati 
example 7) to obtain the nonwoven fabric having the basis 
««*t of 102 g/m* (Comparative example 6) or i04 
(comparative example 7) . 

(3) The mean breaking lenath ~i 

y ±en <3 zn (at elongation of 5 %) 

the air permeability, the smoothness of fh. ■ 

ness of the right and back 
aes and the pore size of the nonwoven fabric obtained in 
the above , 2) wer e measured according to the aforementioned 
T he resuits obtained are shown in the folding 

<«> For the comparison, the mean breaking iength ,at 

elongation of 5 &\ 

„ h . *' thS alr Permeability, the smoothness of 

fabr.cs obtained in the aforesaid examples s and 8 were 
also measured according to the aforementioned methods. The 
results obtained are shown in the following ta ble 5. 

As regards the measurements of the .n rf .„ 
. . cne surface smoothness 

shown rn the following table 5, the right side means the 
surface which was firstly subjected to the heat calender 
Processing treatment (the surface which was firstly 

contacted with the metallic roll) »- .. 

no roil), and the back side means 
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the surface which was secondly subjected to the heat 
calender processing treatment (the surface which was 
secondly contacted with the metallic roll) . 
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Ex- 7 
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Heretofore, there is a reverse correlation between the 
air permeability and the surface smoothness of the nonwoven 
fabric. When the density of the nonwoven fabric is 

10 decreased in order to increase the air permeability, its 
surface smoothness is decreased. On the other hand, when 
the processing conditions at the time of heat calender 
processing are severe or the fibers having small fineness 
are employed in order to increase the surface smoothness, 

15 the air permeability is decreased. These facts are general 
drawbacks. However, as can be seen from the results shown 
in the above table 5, the nonwoven fabric having high air 
permeability as well as high surface smoothness can be 
supplied according to the present invention. 

20 In addition, as can be seen from the results shown in 

the above table 5, the pore size (maximum pore diameter) is 
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small and the air permeability is increased, because of an 
existence of many fine pores in the case of the nonwoven 
fabric according to the present invention. 



